JAIST Repository

https://dspace.jaist.ac.jp/

Title H B LS AT ADEGERFRMELZ N S & U A bk
Flid 5 FEBBSLEFERET ARDHRE

Author(s) H R, A

Citation

Issue Date 2025-06

Type Thesis or Dissertation

Text version ETD

URL http://hdl.handle.net/10119/19972

Rights

Description Supervisor: HA RIS, ekl A E a7, 1E -t

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



K % HF A

oL oo FEOE L (FEWER)

oL f & EIEE L5525

P EHFEH B AFMTHE6H24H

- o HEhER s 27 AOBEGEMRAEZ xR L Lz B RRR 558

WM H o ppgp CREBET 2 F DR

WOk A £ B OHA IR Bl =i 7 R e s A N v NE iz
Y 7] Hirz
B [Fl e
[ i = PN Bt
Bo HA A SZ AR EERE

WX DNEDEE

Automated driving systems (ADSs) are complex entities comprising numerous
components, and traditional testing methods often struggle to ensure their safety, primarily
due to the diversity driving environments. Among the core components of ADSs, object
detection using deep neural networks (DNNs) has shown remarkable effectiveness in
recognizing surrounding vehicles, pedestrians, and obstacles. However, ensuring the safety
of object detection in such systems requires more than just high detection performance—it
requires the ability to verify whether the positions of detected objects comply with safety-
relevant specifications that govern system responses. Unfortunately, current testing practices
are often grounded in informal specifications, which lack the precision and rigor needed to
validate object-detection behaviors, particularly in safety-critical contexts. These informal
descriptions make it difficult to define expected behavior and judge whether a system has
passed or failed a given test. To address this issue, this paper first propose the bounding
box specification language (BBSL), a framework capable of mathematically articulating the
specifications for object and event detection and response (OEDR) tasks in ADSs. BBSL
enables stakeholders such as developers and testers to mathematically express
requirements concerning object positions and their relationships in a highly interpretable
and verifiable manner. Building on this language, we further propose a functional testing
approach for object- detection modules in ADSs. This approach leverages BBSL to define the
expected behaviors in a testable form and allows us to determine whether the system ’s ob-
ject recognition results satisfy these function. Notably, our approach can identify safety-
critical defects that may remain undetected by conventional testing methods that rely solely
on performance metrics such as accuracy or Intersection over Union (IoU). Furthermore, our
proposed approach can identify safety-critical defects that conventional tests, which focus
solely on performance evaluation, might overlook. Furthermore, we propose two sets of test
criteria. The first set reflects the diversity of object positions and sizes within an image,
while the second set includes coverage metrics that determine whether the test cases cover
all conditions outlined by the BBSL specifications. Overall, our contributions facilitate the



implementation of functional testing for object-detection systems using DNNs, a challenge

previously considered formidable.
Keywords— Automated driving, coverage, formal specification, object detection, testing

BB EDORBEOESY

A EFR T, HENEERY AT MBI DMIERER S AT 2E G L L, ZOHE TR T 572D O
RARELR S 3EL, FHICH ST ANFELZRRL TV, BUE, IEARRIC BT 554 B 8NEiE O EHIT
AR LETHDL 5T, TOREMECHEEZ WONITRIET 2PN REARFREE 2> TS, H )
HEERS AT AT, R FEH 21T 0D ET D0 b D Al FHATANEHSILTOD A, Al OB IT T T
Ry I ATHY, FOIEFEMERPLE M RIE T 5720 DR R MEETFIEL, WEE H0 0L ST
WOMRBLIRTHD. T CTARIFIETIE, #RT8E %\ e B EREIRY AT 2O T, WIRRHRS AT AT
RN T, ZOMERIECATTZ—2D 7 7 —F ZREL CWD. MIRGEH AT 2%, AT 2
HESNDH N EERTIONREETHLEVIA T VRIEZ 2 TWD. WERIE, AZE|NLT 49T A
K= =TIV Ry N — I NI E IS SN D RIERE, AT/ VR EEERE TIEEMEZ R
THFREN TR THoT. ZIUTK L TARIFZETIL, 477V AR EL TRk 3580 ) 7 7' e —
F a5 Al IR DRI O R EES L2 O B\, ITE OB IE THIRTS N TRY, AHFZEIX
ZOE~OPETHD. MR AT AT, Btz AL, ZICEENIWIROFEH N EZ H )
THVAT LA THDH. ZOXHe T AT AOMAREEFR T DT, BEBISKH 2002 IR B
THULENRDHD. KR TIE, WRETHRIZE W TIIZH WSS Bounding Box (BB) IZIEH L, BB [
DZE[RIBEFR A B ZFLaR T- 2 Ak 555 BBSL (Bounding Box Specification Language) #4242 L7-.
WROERAFESFETHD Z ° VDM ITEACERICIE SV TERY, (GRS AT AOMRFLRICITEL
TWABD, MERFS AT LD IR N I ZPONIAR+53ThDH. — 77, WIROZERIBIFRIZHE B
L7-Wge45Bp e U CEMZEMIHE R 3, D TH RCC(Region Connection Calculus)Ze & OFEGG I HIX
RO XGRS HSI TS, AAFFRIE, ZhbEX R 7e), BB IZiEAL, HEECEREL -7, BE)
R T AW IRGEFR CRE LA S A AR S FE I OE A LT RIS B W TR S A 23 0 5.

*7-, K[E NHTSA (National Highway Traffic Safety Administration) 2881E T AL — L F— 7 LIE 2T A
DEE R T AR T A ANIESE, BB S FEORBIGE N SCERMEICOWGHEZT TV, —EDAF B
REGRLTZ. 51T, #2227 BBSL I L, MIRRET AT LOT AN FIEARE L. ZOFIETIE, E
iR ~NAFEDT —H b AW, RISV CE RSN HIRHEIEL, WIRGERS AT AL 5M
HEEREEBATHILT, L~ AL, AT, TAMIBITEZH AL PHRELLC, 71
7T LOREIEII Ny RSB BT, BBSL IZBITAMEEN ALy VR ER L. KFEEZHWT, MiERENT
NAVRNTHD YOLO ZXIRIC, HENEREITOA —7 05 — 2y Tha KITTI 2 fV - 325k % 3
L7c. ZORER, TANDERERLA ANV OFHINZEREIL, T ARHEE TE TN — A0 HIZEH
B THHZ LR L.

Pl b, HENREERY AT DB DWIEGRGR S AT 2kt G L U ARG E R S 538, BXOY, ZulkiE-S
W T ANFEZRBELIZLOTHY, FMPNCEHEIRTDEZABKEN. o THL (IFHREF) OFL i
ELTHOMEDRH DL DEFEDT-.



